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ABSTRACT 


Seakeeping  performance  measures  are  discussed.  This 
Is  followed  by  the  description  of  a  method  for  efficiently 
calculating  such  performance  measures.  The  relation  of 
this  method  to  the  scheme  used  by  NAVSEA  to  generate  and 
describe  hull  forms  at  early  design  stages  is  discussed. 

An  application  of  the  hull  form  design,  seakeeping 
assessment  process  is  given.  Finally,  suggestions  are  made 
for  future  work. 


ADMINISTRATIVE  INFORMATION 

Funding  for  this  work  was  provided  by  the  Ship  Performance  and 
Hydromechanics  Program  under  Project  Number  62543N,  Sub  Project  SF43-421.  At 
the  David  W.  Taylor  Naval  Ship  Research  and  Development  Center  (DTNSRDC)  it  is 
identified  as  Work  Unit  1506-103. 


INTRODUCTION 

Increasing  attention  is  being  paid  to  the  seakeeping  of  ships.  In  order 
to  maximize  seakeeping  performance,  it  must  receive  attention  at  early  design 
stages,  when  constraints  are  least  limiting.  To  accomplish  this,  there  must 
be  a  practical  means  of  assessing  seakeeping  performance  based  on  the 
Information  available  to  the  designer  early  in  the  design  process.  In  fact, 
the  best  approach  is  to  couple  the  seakeeping  assessment  to  the  method  used  by 
the  designer  to  generate  hull  forms.  This  is  the  subject  addressed  in  the 
present  report.  The  following  sections  describe  the  process. 

SEAKEEPING  PERFORMANCE  MEASURES 

The  desirability  of  a  ship  with  "good”  seakeeping  characteristics  is 

indisputable.  What  is  the  subject  of  considerable  discussion  is  the 
1* 

definition  of  good.  There  is  much  to  be  said  for  the  performance  measure 
2 

devised  by  Bales  in  terms  of  its  simplicity  and  generality.  It  does  not 
require  details  of  a  ship's  particular  mission,  operating  area  or 
speed-heading  profile.  Yet  there  is  little  doubt  that  because  of  the 
generality  of  the  Bales  index,  a  ship  which  ranks  high  will  also  rank  high 
when  more  specific  Information  is  available  and  more  detailed  performance 
assessments  can  be  carried  out. 


*A  complete  list  of  references  is  given  on  page  6. 
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The  Bales  seakeeping  rank  R  Is  based  on  Che  calculation  of  eight  ship 

motion  RMS  values  shown  In  Figure  1  at  each  of  five  speeds  In  five  sea 

states.  Figure  2  shows  an  example  of  the  five  pitch  response  amplitude 

operators  (RAO's)  for  the  five  speeds,  considered.  Figure  3  shows  the  five 

heave  RAO's  and  Figure  4  shows  the  five  sea  states  used.  Thus,  the  rank  R  Is 

based  on  the  average  of  200  RMS  responses,  as  shown  In  Table  1,  obtained  from 

the  200  response  spectra  resulting  from  the  product  of  40  RAO's  each 

multiplied  by  five  wave  spectra.  All  of  the  eight  responses  used  can  be 

derived  from  the  pitch  and  heave  RAO's  since  all  are  related  to  vertical  plane 

motion  calculated  In  long-crested  head  seas. 

The  seakeeping  rank  R  calculated  as  described  above  should  not  be  confused 
^  2 

with  estimated  rank  R  also  described  by  Bales.  The  seakeeping  rank,  R,  can 
be  calculated  for  any  ship  of  any  displacement  with  no  limitations  on  length, 
beam,  draft  or  any  of  the  hull  form  coefficients.  The  value  of  R  can  range 
from  less  than  -5  for  small  poor  seakeeping  ships  to  over  30  for  large  good 
seakeeping  ships.  In  the  following,  concentration  will  be  on  the  more  general 
calculated  R  values,  and  on  developing  an  efficient  means  of  calculating  R 
such  that  an  estimation,  l.e.,  R,  Is  not  necessary  on  the  grounds  of  time  and 
cost. 

SEAKEEPING  PERFORMANCE  COMPUTATIONS 
Attention  will  now  be  given  to  the  method  of  computing  the  200  RMS 

responses  required  for  the  calculated  seakeeping  rank  R  described  above.  In 

2  3 

the  work  by  Bales,  a  20  station,  close-fit  representation  was  used.  In 

order  to  speed  up  the  calculation,  an  Investigation  was  made  Into  the  use  of  a 

Lewis-form  representation  (3,  4,  5,  6,  7)  as  In  the  Lewis-form  option  of 

yF-17,  rather  than  a  close-fit.  A  Lewis-form  representation  requires  only 

beam,  draft  and  sectional  area  at  each  station,  while  a  close-fit 

representation  requires  a  full  set  of  offsets  at  each  station.  For  Hull  14 

from  reference  2,  the  computed  R  using  close-fit  Is  6.6.  Using  Lewis-form  the 

computed  R  value  is  6.3.  The  estlisate  R  Is  6.1.  Thus,  It  can  be  seen  that 

the  agreement  between  the  Lewis-form  computation  and  the  close-fit  computation 

Is  better  than  the  agreement  between  the  close-fit  computation  and  the 

estimated  values.  This  Is  shown  in  Figure  5.  This  good  agreement  Is  not 

unexpected  given  the  close  match  between  the  actual  body  plan  and  the 

Lcwls-form  representation  shown  In  Figure  6. 


2 


It  should  be  noted  that  although  SMP-82  has  a  Lewis-form  option.  It  merely 
uses  beam,  draft,  and  sectional  area  to  generate  offsets  for  a  Lewis-form  and 
then  does  a  close-fit  calculation  using  these  offsets.  Thus,  SMP-82  does  not 
utilize  the  efficient  analytic  method  for  calculating  the  added  mass  and 
damping  for  Lewis-forms.  It  was  thus  not  considered  as  practical  as  other 
alternatives  for  use  In  the  rapid  assessment  of  seakeeping  performance  at 
early  design  stages. 


GENERATION  ON  HULL  FORMS 

The  method  currently  used  by  NAVSEA  to  generate  hull  forms  at  the  early 
design  stage  Is  a  program  called  HULGEN  (8,  9).  The  program  allows  the  user 
to  Interactively  manipulate  the  hull  form.  Of  Importance  to  the  present  work 
are  the  sectional  area  curve,  the  design  waterline  curve,  and  the  profile 
produced  by  HULGEN.  Examples  of  these  curves  are  given  In  Figures  7,  8  and 

9.  When  the  user  Is  satisfied  with  the  hull  form,  HULGEN  can  be  used  to 
generate  output  files  containing  selected  portions  of  the  hull  form 
description.  For  this  work,  the  option  Is  selected  to  produce  a  file 
containing  table  versions  of  the  curves  In  Figures  7,  8  and  9.  This  file  Is 
then  read  and  reformatted  by  a  HULGEN  post-processor/Seakeeplng  Program  pre¬ 
processor. 

Since  the  data  required  by  HULGEN  Is  extensive,  a  pre-processor  called 
PREHULL  was  developed  by  NAVSEA.  Based  on  regression  analysis  of  previous 
designs.  It  prepares  a  HULGEN  Input  file  given  only  L,  B,  T,  depth  of  station 

10,  Cp  and  C^.  With  this  Input  file,  HULGEN  creates  a  "reasonable”  ship 
which  the  user  can  then  modify.  For  the  present  work,  a  new  pre-processor 
called  SEAHULL  was  developed.  It  prepares  a  HULGEN  Input  file  given  L,  B,  T, 

Cp,  Cjj, 

series  of  hulls  with  systematic  variations  In  for  example,  without 
having  to  use  HULGEN  to  manually  manipulate  and  Iterate  to  get  the  desired 
coefficient.  Other  pre-processors  could  be  written  to  produce  values  of  other 
sets  of  hull  form  coefficients. 

The  Lewis-form  seakeeping  program,  of  course,  does  not  require  that  the 
sectional  areas,  DHL  and  profile  curves  be  produced  by  HULGEN.  They  can  be 
created  and  entered  manually,  or  values  for  an  existing  ship  can  be  entered. 
Thus,  the  scakceping  performance  of  a  proposed  ship  produced  by  HULGEN  can 
easily  be  compared  with  the  performance  of  an  existing  ship  based  on  exactly 
the  same  computational  procedure. 


CpAi  C^  and  Cyp^.  It  Is  thus  possible  to  do  studies  of 
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In  this  section,  aore  detells  ere  provided  on  the  aethod  developed  giving 
a  step-by-step  exaaple.  Figure  10  shows  e  suaaery  of  the  procedure  Including 
the  data  Input  and  output  by  each  prograa  and  gives  typical  file  naaes  for 
these  data  sets.  In  this  exaaple,  we  begin  by  running  the  SEAHULL  prograa. 
Tiils  Is  an  Interactive  prograa  which  solicits  data  on  hull  fora  coefficients 
and  then  prepares  a  HULCEN  Input  file.  As  shown  In  Figure  11,  the  first  set 
of  input  data  Is,  LBP,  beaa,  draft,  Cp,  and  Cp^.  SEAHULL  then  draws 
the  nondlaenslonal  sectional  area  curve  shown  In  Figure  12.  It  next  asks  ' 

Cyp  and 

curve  shown  In  Figure  14  and  produces  the  output  file  shown  In  Table  2. 

The  next  step  Is  to  run  HULGEN  using  the  file  prepared  above  by  SEAHUL: 
HULGEN  Is  used  to  generate  the  SDH  file  containing  the  sectional  area,  DHL, 
and  profile  curves. 

This  output  of  HULGEN  is  used  as  the  Input  to  a  post-processor  called 
FOSTHULL.  FOSTHULL  reforoats  the  HULGEN  data  and  adds  soae  infomation 
required  by  the  seakeeping  program  for  the  R  factor  computation. 

The  final  step  Is  the  running  of  the  seakeeping  prograa  to  compute  the  R 
factor.  This  Is  shown  In  Figure  IS.  The  actual  R  factor  value,  i.e.,  7.4624 
Is  contained  in  the  output  file  BRF,  also  shown  in  Figure  IS. 

FUTURE  WORK 

During  the  course  of  the  present  work,  quite  a  number  of  topics  for 
possible  future  work  arose: 

1.  Incorporate  Into  SHF  Grim's  aethod^^  for  cslculating  the  added  mass 
and  damping  of  Lewis  forms.  As  described  in  the  Seakeeping  Ferforaance 
Computation  section,  SHF  now  uses  the  close-fit  method  for  all  sections.  This 
would  enable  SHF  to  run  much  faster  for  Lewis-fora  ships. 

2.  Investigate  the  differoaces  in  seakeopiag  predictions  using  the  MIT 
bulb  fom,^  which  is  a  Lewls-typc  form  representation  versus  a  close  fit 
representation.  It  may  be  posalble  to  use  Lewia-fom  type  calculations  of 
added  mass  and  damping  even  for  extreme  bulba. 

3.  Since  the  R  factor  cosiputation  can  easily  be  carried  out,  a 
systematic  study  for  other  defiaitlons  of  S  ia  possible.  For  example  R  could 
be  based  on  motioas  at  30  kaota  Instead  of  5  Fronde  outers. 


Cyp^,  as  shown  In  Figure  13.  It  then  draws  the  nondlmensional  DHL 
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4.  Develop  an  SMP-HULGEN  Interface.  This  would  be  particularly  useful 
If  Item  1  above  could  be  accomplished.  Seakeeping  results  could  be  obtained 
Interactively  from  the  SMP-HULGEN  combination. 

5.  Modify  the  existing  LEH1S2D  seakeeping  program  to  read  the  HULGEN 
output  file  XX. SDH  directly.  This  Is  quite  straightforward  to  do  and  would 
streamline  the  procedure. 

6.  Extending  Item  S  above,  modify  LEWIS2D  to  read  the  HULGEN  Input 
file.  If  the  user  did  not  need  to  modify  a  ship  created  by  SEAHULL  or 
PREHULL,  they  need  never  run  HULGEN. 

7.  Possibilities  exist  for  further  speeding  up  the  calculations  In 
LEWIS2D,  see  Ravenscroft.^^  These  results  could  also  be  carried  over  Into 
Item  1  above. 
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shown  are  elapsed  time  on  the  NAVSEA  VAX  11/780. 


Figure  10  -  Seakeeping  Assessment  Flow  Chart 
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Figure  11  -  SEAHULL  Computer  Program  Example  Run 
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UHAT  IS  THE  CUP 
?.734 

UHAT  IS  THE  CUPA 
7  •  864 

CUP-  e.7a4eee6  cupa-  e. 8646666 
V  or  N 
7V 


Figure  13  -  SEAHULL  Computer  Program  Input 

DESIGN  UATERLINE 


Figure  14  -  SKAHULL  DHL  Curve 


•.u  Ix'LlN  1.1.WU.>U 

i^HAI  IS  IHt  NAHt  IHL  llLt  CONIAINING 
7HL  INMUl  DATA 
?HUl.LUASK.Dni 

WHA  I  UU  YOU  MANY  IHC  l  U  c.  CAi,Li  D  UtAT 
WILL  CONTAIN  YOUW 
OUTPUT  DATA 
7UULI.04SR.OUI 

WHAT  DO  YOU  WANT  IHL  I  ILL  CALLLD  I  HAT 
WILL  CONTAIN  YOUR 
BRIEF  OUTPUT 
7HULL0ASK.BRK 
WHAT  IS  THF.  DW  FACTOR 
?1 .0 

DO  YOU  WANT  A  KCOHP 
INPUT  FILE  CREATED 
?N 

DO  YOU  WAN  I  THE  BALLS  HAIRIH 
DUMPED  INTO  A  rILE 
?N 

I  OR TRAN  Slop 


••;TY  HULLOASK.BRT 
DW  FACTOR-  1.00G000G 

CALCULATED  FROM  INPUT-  CB  -  0.A91 

XCC-  -0.012 
WEtOHT  -  A2SB.039I 

/.A62A 


Figure  15  >  LBHIS2D  Coi^tMT  Frograa  Exeaple  Sun 


TABLE  1  -  RMS  RESPONSES 


PITCH 

HEAVE 

REL8 

ACC  8 

SLAH 

ACC  18 

HOT  88 

REl  88  Fa 

T8 

8.1431 

8.8488 

8.8786 

8.8768 

188.88 

8.8978 

8.1838 

8.4488 

8 

8. 3381 

8.8988 

8.8881 

8.3487 

188.88 

8.8748 

8.3641 

0.8388 

8 

8.4884 

8.1798 

8.8881 

8.3888 

193.77 

8.8888 

8.8371 

8.8887  .88  18 

8.f4T8 

8.8888 

8.8488 

8.3881 

878.88 

8.8888 

8.8888 

8.4889 

18 

8.8388 

8.3889 

8.7383 

8.3884 

481.88 

8.8913 

8.8481 

8.4384 

14 

8.1878 

8.8888 

8.6889 

8.3888 

138.88 

8.1889 

8.1378 

8.4388 

8.37U 

8.1888 

8.8889 

8.6899 

88.87 

8.1489 

8.3681 

8.4Sn 

8.8888 

8.8118 

1.8898 

8.8433 

187.66 

8.1814 

8.68n 

9.4719  .16 

8.8888 

8.8878 

8.8778 

8.6988 

146.48 

8.1888 

8.8368 

9.4319 

8.8888 

8.3486 

8.8884 

8.8188 

818.81 

8.1488 

8.6699 

9.3748 

8.8998 

8.8438 

8.8883 

8.3Ma 

189.78 

8.1883 

8.1838 

8.4888 

8.3797 

8.1888 

8.8883 

8.7898 

77.88 

8.8898 

8.3383 

8.4889 

8.8883 

8.8888 

1.1338 

8.9613 

78.87 

8.8884 

8.S384 

8.3898  .88 

8.8371 

8.3339 

1.1889 

8.8918 

98.88 

8.8678 

8.8289 

8.3883 

8.8884 

8.3818 

8.8841 

8.7744 

188.98 

8.2361 

8.8498 

8.3118 

8.8787 

8.8388 

8.8181 

8.8993 

134.98 

8.8818 

8.8788 

8.4796 

8.3883 

8.1813 

8.8878 

8.8143 

78.88 

8.8888 

8.3893 

9.4161 

8.8888 

8.3816 

1.1888 

1.8138 

99.84 

8.3848 

8.8897 

•.36H  .36 

8.8388 

8.3887 

1.1964 

1.1789 

88.88 

8.396$ 

8.9813 

8.3188 

8.8881 

8.4341 

1.9888 

1.8H8 

88.89 

8.3683 

8.i2M 

8.8838 

8.8883 

8.8888 

8.6818 

8.8893 

139.91 

8.8797 

8.8813 

8.4988 

8.3841 

3.1838 

8.7888 

8.8488 

78.93 

8.3387 

8.2831 

8.4831 

8.8878 

8.3818 

1.1888 

1.3781 

88.98 

8.9189 

8.4988 

8.3483  .46 

8.8118 

8.4818 

1.8878 

1.3737 

66.14 

8.8488 

8.8744 

8.8886 

8.8889 

8.4884 

1.1334 

1.8884 

71.78 

8.483? 

8.88H 

8.8387 

TABLE  2  -  HULGEN  INPUT  FILE 


MwOfl 

FM8 


4J7.00U 

33.307 

C.OOC 


<o.o20 

33,833 

0,000 


ji.iee 

1.00C 


'«.o08 

?’.334 


t'.ei?  -0.01: 


HO,.L04 

0.3333333GE-0’ 
-0.100135176 *01 
0.49933333€'02 
0.1 134^5386 *03 
Q.87000000C«02 
0.  »00%273£«02 
0.8826S121E«02 
0.000000006*00 
0.000000006*00 


0,833532006*00 

O.S3US3386*00 

0.122342396*01 

0.203193916*01 

0.833183336*02 

0.6224«4$S6*02 

0.828331136*01 

0.375800016*00 

0.100000006*02 


0,105000006*02 
0.8805^0836*00 
-0,185884636-01 
•0.500060006*00 
0.830000006*02 
0.445556 736 *02 
0.775440046*00 
-0.180000006*01 
0.100000006*02 


jft  POLT 

0.607339386*00 

o.cooococo6*oo 

•0,603264286*01 

0.300060006*0- 

0.000008006*00 

0.300000006*62 

0.692750106*00 

0.633363336*00 

0.100000006*02 


.0000006*000.0000006*000.0000006*000.0000006*00  0.113731366*02 
0.271 060036*00  0 . 1 050C0006 *02  «  0 . 533363336 -01  0.1 0236*406  *02 
0 . 1 04269366  *02  0 . OOOOOOOOC  *000 . OOQOOOE  *090 . 0000006  *000 . 0000006 
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1>W*.  .-0,.^  'SI 
0.000000006*00 
0.72*1000036*?!: 
0.420000006*02 
0.6UOOC0006-02 
0.65/306906*02 
o.cooytoooE’OO 
0.100000006*01 
0.117000006*02 
0.000000006*00 

0.112420016-02 

0.00i)0000ct.*00 

►000.0000006*00 


I40L..04 

JC  !(0,2 

i&.OOO 

•3.000 

13.303 

50.000 

I3.0V3 

d.OOU 

3C  NO. 2 

3.633 

0.000 

3.000 

1.000 

0.125 

0.000 

6C  NO. 2 

c.oot 

'  .600 

2,00': 

3. COO 

4.00C 

O.COl 

e.Ol.. 

JC  NO. 2 

7.000 

8.000 

3.000 

10.000 

11.000 

•2.000 

•3.OC0 

BC  NO. 2 

U.OOl 

15. COO 

IS.OOC 

17. COO 

IC.OmC 

’3,C0C 

JC  NO. 2 

39.000 

33.000 

99.000 

39.000 

39.000 

33.000 

93.000 

6.622484556*62 

0.87000080E«02 

1.106008606*62 

0.a088«0806*00 

0.688068886*80 

0.008800886*08 

8.688868886*88 

0.888888806*88 

8.688868886*88 

8.188888886*88 

8.688868886*88 


6.006000686*60 
0.000080806*90 
6.106008686*60 
0.008888886*88 
0.680868886*80 
8.808088886*88 
8.600868886*88 
i.88088|886*r‘ 
8.688868886* 


C.OOCOOOC06*CO 

0.000000006400 


0.( . . 

0.608868886*H 


0.888888886*88  8. 888888881 *88 

0.60886MH*80  8.68^68881*89 
0.000888886*80  8.8888888g*88 
0.608060806*00  •.608868886*H 


6.622484556*62 
0.870000006*02 
C.IOCQOOr.QC^CI 
0.000000006*00 
0.600060006*00 
0.000880881*88 
0.C88868m*80 
0.888888886*88 
0.680868886*80 
8.888080806*80 

0.680860886*80  . . 

0.888088886*08  8.888080006*00 
0.688860886*80  8.600860096*00 


0.000000006*00 

0.600060006*00 

0.800^006*00 

0.600060006*00 

0.080088006*00 

8.688060006*00 

8.888808006*00 

8.608860006*00 


0.000000006*00 
0.600060006*00 
0.000000006*00 
0.600060006*00 
0.000000006400 
0.600060006*00 
0.000000066*00 
0.609060006*00 
0.000000006*00 
U. 600060006 *00 
0.000008006*00 
0.600060006*00 


DTNSROC  ISSUES  THREE  TYPES  OF  REPORTS 

1.  OTNSRDC  REPORTS.  A  FORMAL  SERIES.  CONTAIN  INFORMATION  OF  PERMANENT  TECH 
NICAL  VALUE.  THEY  CARRY  A  CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 

2.  DEPARTMENTAL  REPORTS.  A  SEMIFORMAL  SERIES,  CONTAIN  INFORMATION  OF  A  PRELIM 
INARY,  TEMPORARY,  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE. 
THEY  CARRY  A  DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 

3.  TECHNICAL  MEMORANDA,  AN  INFORMAL  SERIES,  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INIEREST.  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN¬ 
TERNAL  USE.  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT.  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A  CASE-BY-CASE 
BASIS. 


